Abstract. The family with sequence similarity 83, member D (Fam83D) encodes a mitotic spindle-associated protein. Its knockdown results in shorter spindles that fail to organize a correct metaphase plate. In this study, we demonstrated that Fam83D is coexpressed with well-known mitotic genes. Pathway analysis results also showed that cell cycle-and mitosis-related pathways are enriched with Fam83D-coexpressed genes. Furthermore, Fam83D is differentially expressed in various types of cancers. The results presented in this study suggest that Fam83D may be an important molecule for mitotic progression and equal segregation of chromosomes. Since the molecules that are involved in these mechanisms are crucial for mitosis as well as carcinogenesis, Fam83D should be considered as a novel regulator of mitosis and a putative carcinogenesis-related gene.
Introduction
The family with sequence similarity 83, member D (Fam83D, also known as CHICA) is located on chromosome 20 of the human genome (1) . Fam83D contains an uncharacterized DUF1669 domain in the N terminus. The members of this domain family are found in all eukaryotes and are composed of sequences derived from hypothetical eukaryotic proteins of unknown function. Some members of this domain family are noted as being potential phospholipases, but no evidence from literature or sequence analysis was found to support this (2) . Fam83D was identified as a putative mitotic spindle component in a mass spectrometry study (3) . Furthermore, another study revealed that although Fam83D is primarily found in the cytoplasm during interphase, during prophase it associates with spindle microtubules, on which it remains throughout metaphase and anaphase (4) . The same article also revealed that Fam83D is an interaction partner of chromokinesin KID, which is required for the generation of polar ejection forces and chromosome congression, and has roles in organizing the metaphase plate (4) .
As all the mitotic spindle-associated proteins are involved in the control and regulation of cell proliferation, as well as in carcinogenesis, we further investigated Fam83D using in silico tools. Our results revealed that Fam83D is coexpressed with important mitosis-related genes, including Aurora-A, Aurora-B, Plk-1, Plk-4, Cdc20, Cdk1, Nek2, Geminin and CENP family members. All these molecules are well-known genes that have crucial roles in different stages of mitosis, from equal segregation of chromosomes to production of daughter cells. Therefore, we speculate that Fam83D is involved in mitotic processes to regulate cell division. Moreover, our results also demonstrated that this gene is differentially expressed in various cancers in concordance with the previously mentioned coexpression partners. This is the first study concerning the correlation between Fam83D and cancer. It is well-known that differentially expressed genes in cancers are candidates for diagnostic and prognostic approaches. Therefore, this article suggests that Fam83D is a strong candidate for prognostic and diagnostic approaches and should be investigated further.
Materials and methods

Meta-analysis of Fam83D.
To understand the function of Fam83D, coexpression analysis was performed using the Oncomine database (http://oncomine.org) as previously described (5, 6) , but with minor modifications. The threshold was adjusted to P-value <1E-4; fold-change, 2 and gene rank, top 1%. Seventeen different arrays fulfilled these criteria (Table I ) and the top 200 coexpressed genes were extracted and filtered to give one representative gene per study (removing duplicates and partial expressed sequence tags). These filtered gene lists were then compared to search for repeatedly coexpressed genes over multiple studies. The frequency cut-off was 6 studies (>30% of 17 studies). This generated a meta-analysis list for Fam83D. The web-based Database for Annotation, Visualization and Integrated Discovery (DAVID; http://david.abcc.ncifcrf.gov) was used to assess enriched gene ontology terms within the gene lists produced by the coexpression data analysis (7, 8) . The results were corrected for multiple testing using the Benjamini and Hochberg false discovery rate (FDR) correction.
Correlation between Fam83D and cancer. The oncomine cancer microarray database was used to study gene expression of Fam83D in various tumor types and in their normal control tissues. Only the gene transcriptome data from the same study, generated with the same methodology, were used. All gene expression data were log-transformed, median-centered per array, and standard deviation was normalized to one per array (9) . Student's t-test was used for differential expression analysis, and only studies with P-value less than 1E-4 and fold-change greater than two were considered. 
Results
Fam83D is coexpressed with genes involved in mitosis.
Using the Oncomine cancer microarray database Fam83D was searched for coexpressed genes. Fig. 1 indicates the methodological workflow of the meta-analysis and the selected multi-array studies for Fam83D. Following meta-analysis, 150 genes were found to be coexpressed in six or more studies (Table II) . DAVID was used to perform gene ontology (GO) term enrichment analysis to obtain characteristics of the set of significant genes from our meta-analyses. This analysis provides a list of gene functions, which are overrepresented in a gene set. Analysis of the 150 Fam83D-coexpressed genes with the DAVID functional annotation tool (GOTERM BP FAT) resulted in 181 GO categories (cut-off, P<0.05; count ≥2 and fold enrichment >1.5) (data not shown). To produce a more comprehensive and structured view of the annotation terms, a DAVID clustering analysis under high-stringency conditions was performed, resulting in 42 annotation clusters matching the statistical criteria (P<0.0001, count ≥10 and fold enrichment >1.5) (Table III) . Subsequently, the aforementioned DAVID annotation tool was used for identification of putative KEGG pathways associated with Fam83D-coexpressed genes. Consequently, five pathways associated with the cell cycle, mitosis and related signaling pathways were significantly enriched with Fam83D-coexpressed genes (P<0.05 and fold enrichment >1.5) (Table IV) . In addition, DAVID was used for predicting putative diseases that linked with Fam83D-coexpressed genes using the Genetic Association Database. The results revealed that breast and colorectal cancers were significantly enriched with these genes (P<0.05 and fold enrichment >1.5) ( Table V) .
Fam83D is differentially expressed in various cancers.
We investigated the expression of Fam83D in cancer using publicly available gene expression data from Oncomine (Table VI) . Fam83D has been found to be upregulated in various tumors including in breast cancer compared to normal breast (10); in colorectal cancer compared to normal colon or rectum in three independent studies (11-13); in gastric cancer compared to gastric mucosa in two independent studies (14, 15) ; in hepatocellular carcinoma compared to normal liver in two independent studies (16, 17) ; in lung cancer compared to normal lung in two independent studies (18, 19) and in vulva intraepithelial neoplasia compared to normal vulva (20) .
Conversely, downregulation of Fam83D was found in glioblastoma compared to neural stem cells (21) ; in esophageal cancer compared to normal esophagus (22) and in leukemia compared to peripheral blood mononuclear cells (23) .
Discussion
The main function of the cell cycle is to accurately duplicate the entire genome and segregate a copy of each chromosome precisely into two daughter cells. Maintenance of a correct chromosome number is essential for the survival of an organism. Errors in the cell division may lead to loss or gain of chromosomes and consequently to aneuploidy. In mitotically dividing cells, aneuploidy is a hallmark of cancer and many cancer cells are characterized by high rates of chromosomal instability (CIN). CIN leads to the persistent generation of new chromosomal variations, to tumor progression and to the development of more aggressive phenotypes (24) . Centrosomes have important roles in equal segregation of chromosomes through the establishment of bipolar spindle formation during mitosis. Many studies have reported that centrosomelocated proteins are involved in the regulation of centrosome organization (25, 26) . Moreover, it has been demonstrated that deregulation of the centrosome organization machinery is a clear source of centrosome amplification (27) . There is a growing line of evidence to suggest that most solid tumors and many hematopoietic malignancies contain cells with centrosome abnormalities (28) (29) (30) . For example, the centrosomal mitotic kinases Aurora-A, Plk-1, Plk-4 and Nek2 are all Fam83D-coexpressed genes (Table II) , involved in multiple mitotic events. These range from centrosome maturation to centrosome separation, spindle formation and cytokinesis, and their deregulation has been linked to centrosome abnormalities and consequently carcinogenesis (31) (32) (33) (34) (35) . Therefore, all centrosome and bipolar spindle-associated proteins are considered as putative cancer-related molecules. Santamaria et al have demonstrated that Fam83D localizes to the mitotic spindle, and Fam83D-depleted cells form shorter spindles and fail to organize a correct metaphase plate (4) . In this study, we showed that Fam83D is coexpressed with many centrosome-located and mitosis-related genes, which are involved in normal cell cycle progression as well as in carcinogenesis. Notably, the majority of the coexpressed genes were key molecules for entry into mitosis, mitotic progression and cytokinesis. All these processes are related to centrosome organization and important to the faithful segregation of chromosomes. Therefore, we suggested that Fam83D may be involved in equal segregation of chromosomes during mitosis. In concordance with this hypothesis, our results also revealed that Fam83D is differentially expressed in some cancers that are directly linked to centrosome abnormalities, such as bladder (36) , breast (37), lung (38) , colorectal (30) or hepatocellular (39) carcinomas and leukemia (40) .
In conclusion, we performed a meta-analysis for Fam83D using in silico approaches. Our results revealed that this molecule may be important for centrosome organization, mitotic processes and also in carcinogenesis. In silico studies support wet-lab approaches to finding new diagnostic, therapeutic and prognostic factors by using various tools, software and large-scale databases. However, the results of in silico studies generally need confirmation by lab experiments. Therefore, further investigation of the results presented in this study by experimental approaches may increase our understanding of centrosome organization, mitosis and carcinogenesis.
